with serum concentrations of Cu, Zn, and Mg, but negatively correlated ( P < .O 1) with liver Fe. Liver Cu was higher ( P < .05) for the Limousin breed than all others, except Angus. Liver Zn concentrations were higher ( P < .05) for Limousin than for Pinzgauer, but no other breed differences were observed. Liver Cu concentration was not affected by daily intake, but liver Zn concentration increased ( P < .05) with increased daily intake. Liver Fe concentration decreased ( P < .01) in a curvilinear manner with increased daily intake. No breed differences in serum concentrations of Cu or Zn were observed. Serum Ca concentrations were higher ( P < .05) for Angus, Red Poll, and Limousin than for Simmental, and Red Poll had higher ( P < .05 j concentrations of serum Ca than for Braunvieh. Serum Mg concentrations ( P < .05) were higher for Angus than for Hereford. Serum Zn and Ca were not affected by daily intake, and serum Cu was a quadratic function of intake ( P < .05). There was a stronger association of carcass lipid (percentage) with liver and serum Cu concentrations ( P < .01) than existed between carcass protein (percentage) and liver and serum Cu concentrations ( P < .05). These results indicate that breed differences may exist in Cu metabolism. Liver Cu and serum Cu concentrations were not related, carcass composition was associated with Cu concentrations in both liver and serum, liver Cu and Zn were positively correlated, increased intake was associated with increased liver Zn, decreased liver Fe, and no change in liver Cu.
Introduction
Genetic variation in the metabolism of Cu has been demonstrated in a number of species. Reetz et al. ( 1975) reported a heritability of .45 for plasma Cu of pigs. Differences in the metabolism of Cu among breeds of sheep have been described (Wiener and Field, 1971; Woolliams et al., 1982; Wiener and Woolliams, 1983) . Sire and dam breed effects on the 'Mention of a trade name, proprietary product, or specific equipment is necessary to report factually on available data; however, the USDA neither guarantees nor warrants the standard of the product, and the use of the name by USDA implies no approval of the product to the exclusion of others that may also be suitable.
Received October 17, 1994 . Accepted March 1, 1995 Cu status of crossbred fat lambs was reported by Littledike and Young (1993) . Rowlands et al. ( 19 74) and Wiener et al. ( 1980) reported variations in plasma Cu of cattle to have a heritable component. In Saskatchewan, Cu deficiency occurs more frequently in Simmental than in other breeds of cattle (Smart, 1984) . Bile Cu concentration and bile Cu excretion were higher in Simmental cattle than in Angus cattle (Gooneratne et al., 1994) . Chirase et al. (1985) reported similar serum Mg and higher serum Ca in Angus than Hereford heifers. Angus had higher ( P < .05) serum Mg (1.82 f .07 mg/dL) than did Hereford cows (1.63 * .04 mg/dL) in a study by Greene et al. ( 1989) and true digestibility of Mg in Angus cows of this herd was higher than Hereford . Estimates of the heritability of serum Mg and Ca were .36 and .39, respectively, for an AngusBrahman multibreed herd (Odenya et al., 1992) . Matter et al. (1986) reported that serum Mg, Ca, and total inorganic P concentrations were similar in Angus, Brahman, and Hereford cows grazing oat pastures during peak grass tetany season. Because there is little information concerning comparisons of mineral status among breeds of cattle and none that also deal with the influence of body composition on mineral status, the objective of the current report is to compare liver and(or) serum Cu, Zn, Fe, Ca, and Mg among nine breeds of beef cattle fed four levels of dietary energy over an extended time. This information should aid in the interpretation of these commonly used measures of mineral status of cattle.
Experimental Procedures
Liver Cu, Zn, and Fe, and serum Cu, Zn, Ca, and Mg were measured at slaughter in 118 mature cows ( 6 t o 14 yr of age) representing nine breeds of cattle. Breeds represented in the study were Angus, Braunvieh, Charolais, Gelbvieh, Hereford, Limousin, Red Poll, Pinzgauer, and Simmental. Before slaughter, the cows had participated from 1987 through 1991 in a comprehensive project to evaluate life-cycle production efficiency detailed elsewhere (Jenkins and Ferrell, Within breed, mature cows ( 6 to 14 yr of age) were randomly assigned to one of four feeding levels of DMI: 58, 76, 93, or 111 g of D M I . w~-~~.~-~, housed four cows to a pen, and maintained on this diet for 3 to 5 yr before slaughter. Each cow's diet was determined using the weight of the cow at the initiation of the study. The various levels of dietary energy were designed to produce large amounts of variation in body condition of the study animals.
Feed intake was temporarily increased 18 g of D M I . w~-~~&~ during lactation, then reduced to initial levels during nonlactating periods. Composition of the ground alfalfabased diet is presented in Table 1 . The diet was fed daily using electronic headgates (American Calan, Northwood, NH) with feed refusals weighed back weekly. Consumption was summed and recorded weekly for each cow.
Free-choice mineral mix was continuously available in each pen. Up to 4.5 kg were added every 2 wk to each pen. The mineral mix was 58.77% NaH2P04, 28.07% NaC1, 12.28% MgO, and 3 8 % trace mineral premix, The mineral premix was labeled to contain 12 to 14% Ca (Ca carbonate), 12% ZnO, 8% MnO, 10% Fe (ferrous sulfate), 1.5% Cu ( C U S O~) , .2% I (ethylenediamine dehydroiodide), and .l% CO (CoCO3). Average daily consumption of the mineral mix was 58.5 g/cow estimated from total mineral mix consumed by all cows during the experimental period. Estimated average daily Cu intake across the four intake levels from free-choice mineral was 7.7 mg of Cdanimal. Average daily Cu from the diet across the four intake levels was estimated to be 51 mg of C d 1991, 1992, 1994) . animal. Thus, free-choice mineral Cu may represent 13.1% of total Cu intake. Our analysis assumes that all animals ate similar amounts of free-choice minerals. Average daily DM1 was 9.77 kg across the four levels of DMI. Average daily intake of trace minerals (milligrams) across the four levels of DM1 was as follows: Cu, 51; Fe, 2,310; Mn, 302; MO, 15.8; and Zn, 193 .
At the time of weaning of the 1991 calf crop (February 14, 19921 , cows were fed the previously assigned non-lactating feed intake levels for a period of 12 wk. At the end of this period, individual cow weights were obtained on two consecutive days. Cows were then weighed weekly until they had maintained weight equilibrium for at least 8 wk. When weight equilibrium had been reached, animals were slaughtered and empty body composition measurements and liver weights recorded. Blood, bile, and liver samples were collected at this time. Approximately 200-g samples were taken from similar locations of the ventral lobe of each liver, placed in a plastic bag, and frozen at -80°C until they were analyzed. At slaughter, carcass lipid and protein percentages were obtained for 68 of the cows representing all breed and intake groups. Chemical composition was determined separately on carcass and offal components of each cow. Moisture, lipid (ether extract), protein ( N x 6.251, and ash were measured in triplicate using procedures outlined by AOAC ( 1970) . These data were used to estimate the effects of carcass composition on the observed mineral levels.
Liver Cu concentrations were determined using 10 t o 12 g of fresh liver tissue that had been sliced with a scalpel blade, placed in an acid-washed 125-mL Erlenmeyer flask, and the entire sample was ovendried t o constant weight at 105°C. Wet-ashing procedures were similar to those reported by Littledike and Young ( 1993) . After wet ashing, samples were diluted to 100 mL in 5% H N O 3 and Cu, Zn, and Fe analyzed by atomic absorption spectrophotometry using standard methods (Perkin-Elmer, Nonvalk, CT).
Serum Cu concentrations were determined by the method of Sunderman and Roszel ( 1967) using a Model 5100 PC atomic absorption spectrophotometer (Perkin-Elmer) equipped with an AS-51 autosampler. Serum concentrations of Ca and Mg were determined using standard atomic absorption procedures (PerkinElmer). Serum was diluted t o 5 mL with .l% ( w t h o l ) lanthanum as chloride for Ca and Mg determinations. Calcium and Mg were then measured in an oxidizing flame at 422.7 and 285.2 nm, respectively. Serum concentrations of Zn were determined using standard atomic absorption procedures (Perkin-Elmer). Serum was diluted 1 to 5 in water and Zn concentrations measured at 213.9 nm. Bile samples were prepared for Cu analysis by diluting 1 to 3 with 7.5% HN03 containing .15% Triton X-100. The mixture was mixed and placed in a boiling water bath for 5 min, and then centrifuged (1,000 x g ) for 20 min at room temperature. The supernatant was appropriately diluted with 5% H N O 3 containing .l% Triton X-100. Copper concentrations were determined with a Model 5100 PC Zeeman atomic absorption spectrophotometer (Perkin-Elmer) equipped with a HGA-600 graphite furnace with an AS-60 autosampler. Standard procedures were used including palladium and Mg nitrate modifiers (Perkin-Elmer). The Cu concentration was measured at 324.8 nm.
Samples of feed were taken daily, refrigerated, and combined into weekly composites. Samples of the weekly composites were combined into monthly composites from which samples were taken for analyses.
Feed samples were dried to a constant weight at 70°C in a forced-air oven for moisture determination ( D M ) and then ground in a Wiley mill for subsequent analysis of CP ( N x 6.25) and mineral determinations. Wet ashing procedures, previously described by Littledike and Young (19931, were followed. The resulting ash was diluted to a final volume of 100 mL in a Class A volumetric flask with 5% HN03 containing . l % Triton X-100. Trace element analysis of diets, except for Cu, were done by the method of Knudsen et al. (1981) using energy dispersive X-ray fluorescence. Copper concentrations were determined using a Model 5100 PC Zeeman atomic absorption spectrophotometer (Perkin-Elmer) equipped with an AS-51 autosampler and a HGA-600 graphite furnace with an AS-60 autosampler.
Simple correlation coefficients were calculated to determine the linear relationships among the measured minerals. The effect of breed and intake on minerals were determined using analysis of variance procedures (PROC GLM; SAS, 19901, with mean daily feed intake included in the model as a covariate. Simple regression was used to estimate the relationships between carcass composition measures and mineral concentrations. Interaction and quadratic terms were tested and removed from the final model if found to be nonsignificant. Breed mean separation was accomplished using the Tukey-Kramer method for unequal cell sizes. A significance level of P < .05 was used, unless otherwise stated. Feed consumption was summed weekly for individual cows.
Results and Discussion
Various descriptive statistics for the study population, by breed, are presented in Table 2 . Smaller liver weights were seen in Limousin than in Brown Swiss and Charolais. There were no other breed differences (Littledike and Young, 1993) . Breeds of lambs with the highest liver Cu concentrations had the highest biliary Cu concentrations.
Least squares means and standard errors by breed for liver concentrations of Cu, Zn, and Fe are reported in Table 4 . Liver Cu was higher ( P < .05) for the Limousin breed than all others except Angus. This suggests that one or more of the processes involved in the absorption, transport, and storage of Cu in the liver may be more efficient in Limousin. Liver Cu is generally believed to be the best indicator of the Cu status of the animal (Puls, 1990) . Range beef cattle in many areas of the United States and throughout the world commonly graze pastures capable of producing primary or secondary Cu deficiencies. Our results suggest that Limousin cattle may be more effkient at utilizing available Cu, and, thus, less prone t o develop deficiencies when dietary Cu availability is limited.
Liver Zn concentrations were higher ( P < .05) for Limousin than for Pinzgauer, but no other breed differences were observed. Concentrations of liver Fe were similar for all breeds. Thus, most breeds included in this study seemed to be similar in their ability to accumulate Zn and Fe in the liver at these levels of dietary intake.
Bile Cu concentrations of the various breeds of cattle ranged from 44.0 to 126.8 pg/L with no breed differences in bile Cu concentrations between breeds. These bile Cu concentrations were similar to bile Cu concentrations in heifers reported by Gooneratne et al. ( 1994) . These authors found biliary Cu concentrations of .08 mg/L in Angus and twice these levels, . l 6 mg/L, in Simmental. aFifty-eight observations representing all breeds and intake levels.
b,cMeans with superscripts differing within columns differ ( P < ,051. NS = nonsignificant. * P < .05. **P < .01.
Regression coefficients for the effect of daily intake on liver concentrations of Cu, Zn, and Fe are presented in Table 4 . Liver Cu concentration was not affected by daily intake. Thus, even with the relatively low levels of dietary Cu used in this experiment (NRC, 1984) , increasing intake of feed with a constant CU concentration did not result in higher liver Cu concentrations. However, liver Zn increased ( P < .05) with increasing daily intake. Apparently, increased Zn intake resulted in an increased accumulation of Zn in the liver. Zinc is stored as Zn metallothionein, a major storage form of Zn in the liver, and is mobilized in response to metabolic needs (Richards and Cousins, 1976) . Level of liver Fe decreased ( P . 0 5 ) in a curvilinear manner with increasing daily intake. No interaction of breed and daily intake was observed for liver concentrations of Cu, Zn, and Fe.
Least squares means and standard errors by breed for serum Cu, Zn, Ca, and Mg are reported in Table 5 . No breed differences in serum Cu and Zn were observed. Serum Ca in Angus, Red Poll, and Limousin were higher ( P < .05) than that of Simmental. Red Poll also had higher ( P < .05) serum Ca than did Braunvieh. Serum Mg concentrations were higher ( P < .05 ) for Angus than for Hereford, but no other breed differences in serum Mg levels were observed. Others have reported differences in serum Mg (Greene et al., , 1989 . Wiener (1982) Regression coefficients for the effect of daily intake on serum Cu, Zn, Ca, and Mg are included in Table 5 . An increased intake of a diet with a constant concentration of a given mineral would result in an increase in total intake of that mineral. If the percentage of absorption of that mineral was constant with increasing intake, then a proportional increase in total mineral absorption would occur. An increase in serum concentration of that mineral may then occur, depending on how that mineral was transported, stored, and metabolized. This would not be the case if absorptive coefficients changed as body stores increased. For instance, Zn and Ca homeostasis are relatively effective in ruminants (Miller, 1969; Littledike and Goff, 1987) . Serum Zn and Ca were not affected by daily intake. Little effect of intake on serum Ca would be expected because homeostatic levels of serum Ca are maintained through endocrine regulation of Ca absorption, excretion, and bone metabolism (Littledike and Goff, 1987) . Serum Cu concentration was found to be a quadratic function of intake ( P < .05). Thus, serum Cu apparently responded to increased total Cu intake associated with increased feed intake, but this higher serum Cu concentration did not result in higher liver concentrations. Serum Mg concentration decreased ( P < .05) as daily feed intake increased. The small decrease in serum Mg was of questionable physiological significance.
Differences in genetic potential among the nine breeds of cattle fed varying levels of feed intake resulted in large differences in body composition (carcass lipid and protein percentages). Regression coefficients for the effects of carcass lipid and protein percentage on liver and serum mineral concentrations are presented in Table 6 . An increase in carcass lipid was associated with a decrease ( P < .O 1) in liver Cu concentration, and an increase in serum Cu ( P < .Ol), but no change in total Cu in the liver. This decrease in liver Cu concentration, but not total Cu in the liver, suggests a possible redistribution of liver Cu into a larger liver mass. If liver Cu concentration is used as a measure of Cu, then the Cu status decreased as liver mass, BW, and If the increase in carcass lipid was associated with accompanying increases in liver lipid, the lower Cu concentration in the fatter animals could be merely a dilution effect. On the other hand, if liver mass was increased by increased cellularity, this would suggest less Cdcell. Because neither liver lipid or liver cellularity were measured, there is no evidence to suggest which of these hypotheses are correct. Although carcass lipid and protein percentages were highly correlated ( r = -.8; P < .001), a stronger association of carcass lipid with liver and serum Cu concentrations was observed. In contrast to liver Cu concentrations, an increase in carcass lipid was not associated with changes in liver Zn concentrations. Thus, total Zn in the liver increased as liver mass increased. Consequently, Zn status, as assessed by liver analysis, was either unchanged or increased depending on whether Zn concentration or total liver Zn is used for evaluation. No association of carcass lipid or protein percentages with the concentrations of other minerals was observed. No previous reports of the effect of carcass composition on liver content of these minerals have been reported.
Our data suggest liver and serum Cu concentrations are not comparable across differing levels of body condition of mature cows. Therefore, body condition should be considered when evaluating the Cu status of adult cattle based on liver or serum Cu concentrations.
Implications
There are differences in liver and serum concentrations of Cu and Zn, and in serum Ca and Mg concentrations among breeds of cattle. Of the nine breeds tested, Limousin had significantly higher liver Cu levels than all other breeds, except Angus. Consequently, Limousin cattle may be better suited than some of the other breeds to an environment in which dietary Cu is limiting. Cattle with the highest percentage of carcass fat had the lowest liver Cu concentration; however, total liver Cu was similar at all carcass compositions. Thus, we propose that body condition be used to adjust the liver Cu concentrations before liver Cu concentrations are used t o establish the Cu status of cattle.
